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[57] ABSTRACI 
Method and apparatus for determining a vacuum de 
gree of a ?exible vacuum package. The vacuum pack 
age is sealingly placed within a vacuum chamber and 
then the vacuum chamber is evacuated to a vacuum 
degree below the vacuum degree of the vacuum pack 
age placed within the vacuum chamber. A start of in?a 
tion of the package is detected during the evacuation 
step and pressure within the vacuum chamber is mea 
sured when the start of the in?ation of the package is 
detected. 

3 Claims, 3 Drawing Figures 
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METHOD AND APPARATUS FOR 
DETERMINATING A VACUUM DEGREE WITHIN 

A FLEXIBLE VACUUM PACKAGE 

BACKGROUND OF THE INVENTION 

The present invention relates to a method and appara 
tus for determining a vacuum degree within a ?exible 
vacuum package containing a material in a vacuum 
state. " 

The evacuated heat insulation panel having a ?exible 
covering plastic ?lm bag, hereinafter referred to as PIP, 
is used in, for example, a heat insulation panel in the 
wall of a refrigerator and is produced as follows. An 
amount of a powder such as calcium silicate is charged 
into a metal deposited ?lm laminate bag, which is then 
placed within a vacuum packer with its inlet opened. 
The vacuum packer is thereafter evacuated to a prede 
termined pressure at which the inlet of the bag is heat 
sealed. After the heat sealing, the PIP thus produced is 
subjected to a heat insulation test. The heat insulation 
test is carried out by means of a heat ?ow meter or a 
thermometer. This test is disadvantageous in that it 
takes a rather long period of time. This is due to the 
following reasons. Firstly, it takes time for the heat ?ow 
to become in a steady state due to a small thermal con 
ductivity. Secondly, this test requires many data to be 
measured such as weight and size. Lastly, it is laborious 
to set a heat ?ow meter sensor and a cold terminal 
thereof. 
As is well known, the degree of vacuum within the 

PIP is inevitably deteriorated with the lapse of time and 
thus the life of the PIP depends on this deterioration in 
vacuum degree. In practice, the amount of buildup or 
deterioration of vacuum is determined by measuring the 
degree of vacuum within the PIP twice and thereby the 
life thereof can be estimated. It is hard to predict the life 
of the product only by the widely—used heat insulation 
test using a heat ?ow meter. 

It is also known that below a certain degree of vac 
uum the thermal conductivity of the PIP is constant. 
The determination of the vacuum degree of the PIP 
hence makes it possible to estimate both the heat-insula 
tive property and the life of the PIP but measurement of 
these properties according to the prior art method is 
laborious and time consuming. Although the degree of 
vacuum of the PIP is determined by applying the con 
ventional vacuum degree determination device to the 
PIP, this device considerably increases the equipment 
cost and may cause a leakage of the PIP. When the 
vacuum degree determination device is not available, 
the only method for determining degree of vacuum of 
the PIP is to break package of the PIP for the test. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide a method and apparatus for determining a 
vacuum degree within a ?exible vacuum package pack 
aging a material in a vacuum manner. The method and 
apparatus determine the degree of vacuum within the 
?exible vacuum package in an easy and exact manner in 
a relatively short time without breaking the package. 
With these and other objects in view, one aspect of 

the present invention is directed to a method for deter 
mining a vacuum degree of a ?exible vacuum package 
containing a material in a vacuum state. The vacuum 
package is sealingly placed within a vacuum chamber 
and then the vacuum chamber is evacuated to a vacuum 
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2 
degree below the vacuum degree of the vacuum pack 
age placed within the vacuum chamber. A start of in?a 
tion of the package is detected during the evacuation 
step and pressure within the vacuum chamber is mea 
sured when the start of the in?ation of the package is 
detected. 
Another aspect of the present invention is directed to 

an apparatus for determining a vacuum degree within a 
?exible vacuum package containing a material. The 
apparatus includes: a vacuum chamber adapted to seal 
ingly receive the vacuum package; an evacuating mech 
anism for evacuating the interior of the vacuum cham 
ber; an in?ation detection mechanism, mounted to the 
vacuum chamber, for detecting a start of in?ation of the 
vacuum package while the vacuum chamber is evacu 
ated by the evacuating mechanism to a vacuum degree 
below the vacuum degree of the vacuum package; and 
a pressure detection mechanism, mounted to the vac 
uum chamber, for detecting pressure within the vacuum 
chamber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG. 1 is a side view, partly in section, of a vacuum 

degree determining apparatus according to the present 
invention; 
FIG. 2 is a perspective view of the vacuum determin 

ing apparatus in FIG. 1 with a modi?ed scale; and 
FIG. 3 is a graph illustrating the relation between the 

degree of vacuum within the vacuum chamber in FIG. 
1 and the distance of an upper portion of the PIP, which ' 
is placed within the vacuum chamber, from a lower end 
of the ultrasonic position transducer as the vacuum 
chamber is evacuated. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring to FIGS. 1 and 2, the reference numeral 1 
designates a vacuum chamber 1 including a chamber 
body 1A having an open end 1B and a closure member 
1C hinged to the open end 1B of the chamber body 1A 
by means of a door hinge 10 so that it may, as shown in 
FIG. 1, close the open end 1B in a sealing manner by 
means of an O-ring not shown. The chamber body 1A 
has an exhaust port 1D formed at its bottom. The ex 
haust port 1D is communicated to a rotary vacuum 
pump 3 through a valve 2 for evacuating the interior of 
the vacuum chamber 1. The vacuum chamber 1 has a 
vacuum gage 4 mounted to the chamber body 1A for 
determining the pressure of the interior thereof and is 
provided on its inner bottom with a bed 6 for resting a 
PIP 5 to be tested on it. An ultrasonic position trans 
ducer 7 is mounted on a support member 8, which is 
?xed to the bed 6, so that it is located above the PIP 5 
may be tested for determining variations in the distance 
of an upper portion of the outer face of the PIP 5 from 
the lower end of the position transducer 7. Detected 
signals from the transducer 7 are transmitted to a dis 
tance indicator 7A mounted on the outside of the cham 
ber body 1A of the vacuum chamber 1. 

In order to determine the degree of vacuum of the 
PIP 5, the closure member 1 is opened by turning it , 
about a vertical axis of the door hinge 10 and the closure 
member 1 is then sealingly closed after the PIP 5 is 
placed on a bed 6 of the vacuum chamber 1. Thereafter, 
the valve 2 is opened and the vacuum chamber 1 is then 
evacuated by actuating the rotary pump 3. When the 
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interior of the vacuum chamber 1 reaches to a pressure 
below the pressure within the ?exible bag 5A of the PIP 
5, the bag 5A begins to be in?ated. The start of this 
change in shape of the bag 5A is detected by the posi 
tion indicator 7A and at the same time the pressure 
within the chamber 1 is detected by the pressure gauge 
4. By the use of average value of these detected pressure 
values, the vacuum degree within the plastic insulation 
plate 5 can be calculated. More speci?cally, the exact 
vacuum degree of a PIP 5 is previously determined by 
a preliminary puncture test. An average error is ob— 
tained by the difference between the exact vacuum 
degree of the PIP 5 and the average pressure value 
obtained by applying the apparatus to several PIPs 5. 
Thus, fairly exact vacuum degree within a PIP 5 is 
obtained by subtracting the average error from the 
pressure value within the vacuum chamber 1 detected 
when the PIP begins to be in?ated. This calculation of 20 
the vacuum degree of the PIP 5 may be conventionally 
processed by inputting data which have been output 
from both the position transducer '7 and the pressure 
gauge 4 into a computer system and by subtracting the 
average error data already input from the pressure 
value. 
More than one bed 5 may be vertically stacked to 

support a plurality of PIPs 5 on them for determining 
vacuum degrees thereof, in which case the equal num= 
ber of position transducers 7A are provided. The sup 
porting bed 6 is not necessarily provided'and the PIP 5 
may be directly placed on the bottom of the vacuum 
chamber body 1A for the measuring, in which case care 
must be taken that the PIP 5 may not close the exhaust 
port 1D. 

In place of the ultrasonic position transducer 7A, 
other conventional detectors such as a photoelectric 
cell may be used for detecting deformation or displace 
ment of the ?exible vacuum bag 5A of the PIP 5. The 
deformation or displacement of the bag 5A. can be de 
tected by sensing a change in reflection angle of light 
emitted from a detector, such a photoelectric cell unit, 
against the bag 5A. This deformation can be also de 
tected by sensing changes in length of each side of the 
bag 5A or tension applied to the bag in a conventional 
manner. 

Although the present invention is illustrated with 
respect to the PIP, it is should be understood that the 
present invention is applicable to determine the degree 
of vacuum of a ?exible vacuum package containing, for 
example, a food. 
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4. 

EXAMPLE 

A PIP using a heat sealed laminated bag 400 mm wide 
and 400 mm long was used. The pressure of the inside of 
the heat sealed bag was about 0.35 Torr and the bag was 
a laminated bag consisting of a 12 um outermost poly 
ethylene terephthalate layer, a 9 pm aluminum foil 
bonded to the inner face of the outermost polyethylene 
terephthalate layer, a 12 um intermediate polyethylene 
terephthalate layer bonded atcits one face to the alumi 
num layer and having 500 A aluminum ?lm vapour 
deposited on the other face and a 60 um innermost 
polyethylene layer heat sealed to the aluminum film. 
The PIP was placed within the apparatus illustrated in 
FIG. 1 and then the vacuum chamber 1 was evacuated. 
In FIG. 3, there are plotted variations in the distance of 
an upper portion of the PIP, which portion was just 
below the ultrasonic position sensor 7, from the lower 
end of the sensor as the vacuum chamber 1 is evacuated. 
It was clearly noted that the laminated bag began to be 
inflated at a pressure of about 0.35 Torr. Thus, it was 
calculated that the inner pressure of the laminated bag 
was about 0.36 Torr since the average error was 0.01 
Torr. 
What is claimed is: 
1. A method for determining a vacuum degree within 

a ?exible vacuum package containing a material in a 
vacuum state, comprising the steps of: 

sealingly placing the vacuum package within a vac 
uum chamber; ‘ 

evacuating the vacuum chamber to-a degree below 
the vacuum degree of the vacuum package seal 
ingly placed within the vacuum chamber; 

detecting a start of displacement of a part of the pack 
age during the evacuation step; 

measuring pressure within the vacuum chamber 
when the start of displacement of the part of the 
package is detected, and 

calculating the pressure within said vacuum package 
based upon the detected start of displacement of 
the part of the package during the evacuation step 
and the measured pressure within the chamber. 

2. A method as recited in claim 1, wherein the placing 
step comprises substantially horizontally placing the 
vacuum package within the vacuum chamber and 
wherein vertical displacement of the part of the pack 
age is detected. 

3. A method as recited in claim 2, wherein the vac 
uum package is substantially horizontally placed on a 
supporting member mounted within the vacuum cham 
ber and wherein vertical displacement of an upper por 
tion of the vacuum package is detected during the evac 
uation step. 
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